Abstract The purpose of this study was to draw attention
Introduction
Edaravone, mannitol, furosemide, and nonsteroidal antiinflammatory drugs (NSAIDs) are commonly used in clinical medicine, but the combined use of these drugs can lead to acute kidney injury. Although this relationship has not been reported in China or any other country, the present study reports the occurrence of acute kidney injury in an elderly patient with chronic kidney disease (CKD) due to the combined use of these drugs at the acute stage of cerebral infarction.
Case report
The patient was a 77-year-old male (body weight 58 kg, height 158 cm, and body mass index 23.23 kg/m 2 ). Due to ''sudden left limb weakness for 3 h,'' he was sent to our hospital's Neurology division at 14:30 on 5 February 2011. Three hours before the patient entered the hospital, he suddenly found his left upper limb to be very weak when he was cooking. His left hand failed to hold objects stably, and his pronunciation was unclear. He did not have a headache, nausea, disturbance of consciousness, body convulsions, or incontinence. A brain computed tomography (CT) scan was performed on the patient at a local hospital after the onset of the symptoms, and it did not reveal any bleeding lesions or emerging infarct. An intravenous infusion of ''Shuxuening'' (primarily consisting of flavonol glycosides and ginkgolides) plus mannitol (amount unknown) was administered, but the patient's left lower limb began to appear to be very weak. In addition, he had difficulty walking and standing. He was then transferred to our hospital emergency room.
The patient had an 8-year history of hypertension, his highest systolic blood pressure was 180 mmHg (1 mmHg = 0.133 kPa), and he intermittently took captopril, metoprolol, and amlodipine. In the last 2 years, the patient stopped taking the drugs because he did not have any significant increase in his monitored blood pressure. He had a 5-year history of gout, and the lateral joints of two toes were in pain two to three times every year. When this pain occurred, colchicine relieved the symptoms. In July 2009, digital subtraction cerebral angiography indicated that his bilateral carotid arteries (both the subclavian arteries and the internal carotid arteries), bilateral anterior cerebral arteries, middle cerebral artery, bilateral vertebral arteries, and basilar artery were tortuous and rigid, and that the end of the left subclavian artery had narrowed by about 70 %. Brain magnetic resonance imaging (MRI) in November 2010 revealed multiple lacunar infarcts, which affected the basal ganglia, the corona radiata region, and right occipital lobe malacia. In April 2010, the patient was diagnosed with type 2 diabetes; however, his blood glucose was controlled with consistent administration of Humulin 70/30Ò. In December 2010, digital subtraction angiography suggested that the middle of the right coronary artery had narrowed by about 50 %, the opening near the end of the anterior descending artery had narrowed by 80 %, and the middle of the anterior descending artery had narrowed by 50 %. In addition, plaques were seen remotely. The patient had a 50-year history of smoking, and he reported smoking about 20 cigarettes daily. He also had a 40-year history of drinking, and 50-100 g of distilled liquor was consumed every day. The patient had not quit smoking or drinking before the onset of the stroke. There was no history of drug allergy.
Since July 2009, nocturia had taken place three to four times nightly. In the course of several hospitalizations, his renal function was tested and found to be abnormal (Table 1 ). According to the definition and staging standard [1] of CKD by the US Kidney Disease Foundation Kidney Disease Outcomes Quality Initiative (NKF KDOQI) expert group, the patient had been suffering from third stage CKD since July 2009.
In the hospital admission physical examination, the body temperature was 36.5°C, the pulse was 72 beats/min, breathing was 20 times/min, and blood pressure was 147/86 mmHg. The patient was conscious, but he had unclear articulation and poor speech. In addition, the cardiac border was not enlarged, his heart rate was regular, no noise was heard from the valves, his lungs sounded clear with no dry or wet sound, his liver and spleen did not touch his ribs, and there was no vascular murmur. His eyes were staring to the right, and his pupils were equally round, large (3 mm in diameter), and sensitive to light reflected either directly or indirectly. Moreover, the left nasolabial fold was shallow, with limited tongue stretching. A score of 5 was given based on the improved classification score standard for swallowing function [3] . (The patient was told Tochigi-ken, Japan was used). An Aerset Company device detected blood urea nitrogen using the urea enzyme method (reference range, 1.7-8.3 mmol/l), serum creatinine using the picric acid method (reference range, 44-120 lmol/l), and cystatin by immunoassay (reference range, 0-1.03 mg/l) b Creatinine clearance rate (ml/min) = (140 -age) 9 body weight/(serum creatinine 9 72) (age, in years; body weight in kg; serum creatinine in mg/dl, multiply by 88.4 lmol/l = 1 mg/dl) [2] . A total body weight of 58 kg was used for the determination of the creatinine clearance rate at all time points to swallow 5 ml of food paste at once; if he could swallow it without coughing, additional 5-ml increments of food paste were added to the original amount until 30 ml was swallowed at once. The patient's swallowing function was evaluated according to his performance. One point indicated one swallow without coughing, two points indicated two swallows without coughing, three points indicated three swallows without coughing, four points indicated more than two swallows with coughing, and five points indicated that the patient was either unable to swallow with frequent coughing or was able to swallow any amount less than 30 ml in one swallow with coughing). Reduced muscle tension was found in the left lower and upper limbs, tendon reflexes were weaker, left upper limb muscle strength was grade 2 (within the possible range of grade 0-5), and lower limb muscle strength was grade 3. The right upper and lower limb extension force, tendon reflexes, and muscle strength were normal. Babinski's sign was negative. Pain occurred in the left side of the body, and the patient had decreased sensitivity to temperature, decreased response to tuning fork vibration, and less sense of joint position. His neck was soft, his lower jaw was away from the sternum by the length of a finger, and the Brudzinski, Kernig, and Lasegue signs were all negative. The patient received a score of 10 on the National Institutes of Health Stroke Scale (NIHSS).
Upon hospital admission, urine flow cytometric analysis was normal, and renal function tests indicated third stage CKD (Table 2) . During hospitalization, blood analysis showed that white blood cells were 8.20 g/l (the reference range was 4-10 g/l) and neutrophils were 91.90 % (the reference range was 50-70 %). Chest X-rays indicated infection in the lower sections of both lungs. A color Doppler ultrasound probe of the urinary system showed that the kidneys were normal with smooth encapsulated membranes. The left kidney section was 102 9 51 9 45 mm, and the right kidney was 94 9 49 9 44 mm. In addition, the renal-to-renal sinus proportion was normal; there was no separation between the renal pelvis and calyces, no expansion of the ureter, and no abnormal echo in the bladder area. Blood flow was significantly elevated in the initial renal artery segments, and the resistance index was high, which suggested that the initial renal artery segments were mildly stenotic (Table 3 ) [4] . Three days after the cerebral infarction, urine flow cytometry was normal. Blood gas analysis showed a pH of 7.531 (the reference range was 7.35-7.45), a carbon dioxide partial pressure of 28.10 mmHg (the reference range was 35.25-45 mmHg), and an oxygen partial pressure of 80.40 mmHg (the reference range was 94.50-99.76 mmHg). In addition, the actual bicarbonate, standard bicarbonate, whole blood buffer base, base excess, and oxygen saturation were all An iU22 Color Doppler manufactured by the Philips Co., The Netherlands, was used for detection. The diagnostic criterium of the resistance index (RI) value for prerenal acute renal failure was[0.75 [4] , and the abdominal aortic peak flow rate of the patient at the beginning of the renal artery was 80 cm/s; the reference renal artery peak velocity was B2.5 9 80 cm/s within their normal ranges. As of 16 February 2011, ten blood electrolyte tests showed that potassium, sodium, chloride, and calcium were within their normal ranges. At 22 h after the onset of the sickness, a brain CT scan indicated low-density spots in the right parietal occipital area and corona radiata region. In addition, the sulcus and grooves were wider and deeper, but there was not a shift in the midline structures. Thus, we concluded that the right parietal occipital area and corona radiata had suffered from brain infarction and brain atrophy (Fig. 1) . Five days after the onset of the sickness, another brain CT scan indicated low-density spots and flakes in the right parietal occipital area and corona radiata. Compared with the previous scan, there were new lesions, and the sulcus and grooves were wider and deeper, but there was still no shift of the midline structures, which led us to the same conclusion as the previous findings (Fig. 2) . Based on the patient's pathogenesis, clinical symptoms, past medical history, neurological signs, and brain CT scan results, the diagnosis was cerebral infarction, pseudobulbar palsy, third degree hypertension (thus placing the patient in a high-risk group), type 2 diabetes, coronary heart disease, second degree heart function, and third stage CKD. Xuesaitong (main ingredient Panax notoginseng saponins), Ozagrel, edaravone, and Humulin 70/30Ò were given to inhibit platelet aggregation, improve cerebral blood circulation, scavenge free radicals, and reduce blood sugar. One hour after admission to the hospital, the patient's level of consciousness and left lower limb muscle strength gradually decreased, and his NIHSS score was 19. Because infarct expansion and increased intracranial pressure were suspected, an intravenous injection of mannitol (20 %), compound glycerol, and furosemide was given. Fifteen hours after admission to the hospital, the patient had increased respiratory secretions, his body temperature had increased to 39.4°C, and his lungs contained sputum. Based on the results of blood analysis and chest X-rays, the patient was diagnosed with a pulmonary infection. The patient was administered intravenous injections of levofloxacin and cefoperazone/sulbactam, and an intramuscular injection of compound aminopyrine (0.143 g aminopyrine and 0.057 g sodium pentobarbital in 2 mL). In addition, a diclofenac suppository was inserted into the rectum. The patient also received a warm sponge bath, and cold pads were applied on the arteries of his neck and limbs. During the cooling process, the patient sweated more, his level of consciousness continued to diminish, and his blood pressure decreased (the minimum value was 128/80 mmHg. At 28 h, 22 h, 5 h, and 1 h after the first administration of edaravone, mannitol, compound aminopyrine, and diclofenac, respectively, the patient's blood urea nitrogen and creatinine increased, and his creatinine clearance rate decreased ( Table 2 ). At 41.5, 35.5, 18.5, and 14.5 h after the first administration of edaravone, mannitol, compound aminopyrine, and diclofenac, respectively, the patient urinated less. When the acute kidney injury was at its worst, urine production over a 24-h period was 520 ml, blood urea nitrogen was 23.51 mmol/l, creatinine was 431.60 lmol/l, and the creatinine clearance rate was 10.39 ml/min (Table 2 ). Based on the patient's medical history, clinical symptoms, renal function test results, and relevant diagnostic criteria [1, 5] , the patient was diagnosed with third Fig. 1 a, b CT scan of the brain 22 h after the onset of the stroke [scanned by a Lightspeed volume computed tomography (VCT) scanner, manufactured by GE Healthcare, USA]. Lowdensity spots were seen in the right parietal occipital lobe and corona radiata stage CKD and acute kidney injury. After this analysis, the administration of the drugs, including edaravone, mannitol, and NSAIDs, was terminated. The cumulative amounts of edaravone, mannitol, compound aminopyrine, and diclofenac sodium that the patient had received were 180 mg, 975 ml (excluding the amount taken outside the hospital), 10 ml, and 25 mg, respectively. After terminating the use of the above drugs, compound amino acid 9R injection fluid was used to supplement blood circulation and treat the symptoms. The patient's renal function rapidly recovered to the level measured before the drug intake ( Table 2 ). The present patient was followed for 5 months. The patient's daily urine volume was about 1,400 ml, and the frequency of nocturia was three to four times per night. On 25 February 2011, the blood urea nitrogen was 7.86 mmol/ l, creatinine was 100.60 lmol/l, cystatin was 1.16 mg/l, and creatinine clearance rate was 41.52 ml/min (body weight, 54 kg). On 16 July 2011, the blood urea nitrogen level was 5.48 mmol/l, creatinine was 77.20 lmol/l, the creatinine clearance rate was 43.09 ml/min (body weight, 45 kg), and the NIHSS score was nine.
Discussion
This study examined a patient with a history of CKD (third stage) in whom acute kidney injury occurred during treatment for a cerebral infarction. Analysis revealed that the Fig. 2 a, b CT scan of the brain 5 days after the onset of the stroke. Low-density spots were seen in the right parietal occipital lobe and corona radiata. The right parietal occipital area and corona radiata showed flaky low-density spots. A comparison of the two CT scans shows that new lesions were detected at 5 days Fig. 3 Use of edaravone, diuretics, and NSAIDs, and their relation over time to blood urea nitrogen and serum creatinine levels acute kidney injury happened after the patient had taken edaravone, mannitol, and NSAIDs. In addition, when the drugs were terminated, the patient's renal function rapidly recovered to the pretreatment level (Fig. 3) . Clinical reports and animal experiments have shown that the use of edaravone, mannitol, or NSAIDs alone can cause acute renal failure [6] [7] [8] [9] [10] [11] [12] . Examination revealed that the patient received a score of nine on the Naranjo Adverse Drug Reaction Probability Scale [13] , which indicated that the application of these drugs had a ''definite'' causal relationship with the acute kidney injury. The patient also had a score of five on the Drug Interaction Probability Scale [14] , which indicated that these drugs had a ''probable'' interaction. Therefore, there is a strong indication that the acute kidney injury was due to an adverse reaction to the drugs.
Although edaravone and its metabolites are speculated to have toxic effects on the kidneys [7] , the pathogenesis of edaravone-induced acute renal injury is currently unclear [7, 8] . The mechanisms by which mannitol causes acute renal injury include dehydration, enhanced tubuloglomerular feedback, permeability damage, and renal vasoconstriction [15] . The normal half-life of mannitol is 1.2 h, but this is significantly extended in older CKD patients [11] . Although the cumulative amount of mannitol in this patient was not large, the mannitol excretion rate was low because of the presence of CKD, and renal toxicity accumulated. Aminopyrine and diclofenac are both NSAIDs. Through the suppression of cyclooxygenase, NSAIDs selectively inhibit prostaglandin synthesis, which results in peripheral vasodilation and sweating. After administration of NSAIDs in elderly patients, increased sweating and decreased circulating blood volume frequently cause the level of consciousness to decline, which can lead to kidney damage. Through the contraction of afferent arterioles, NSAIDs reduce renal blood flow and increase renal injury. During the course of repeated administration of NSAIDs, our patient sweated more, his level of consciousness declined further, and his renal function worsened. In addition, diclofenac sodium can damage the proximal and distal tubules [16] . As shown in Fig. 4 , furosemide administration magnified the dehydration effect of mannitol, which led to a further reduction in circulating blood volume in the patient and increased the renal injury. Note that for 3 days after the incident, furosemide was administered repeatedly. Interestingly, the patient's renal function recovered rapidly after the termination of edaravone, mannitol, and NSAIDs (Fig. 3) . Thus, when furosemide was not used with edaravone, mannitol, and/or NSAIDs, its renal toxicity was not apparent. Huerta et al. [17] reported that the use of furosemide with NSAIDs significantly increased the risk of renal injury.
In addition to the adverse reactions to edaravone, diuretics, and NSAIDs, acute phase complications may have been involved in the pathological process of renal injury on multiple levels. For example, lung infection can induce fever, and infection can aggravate the extent of renal injury by edaravone [10] . In addition, fever can increase nonobvious water loss. Moreover, having dysphagia before the establishment of a nasogastric tube, the Fig. 4 The assumed mechanisms by which coadministration of edaravone, diuretics, and NSAIDs cause acute kidney injury patient had not had anything to eat or drink for 22 h. Furthermore, mouth breathing was utilized after the patient was admitted to the hospital, and this can also increase water loss. Taken together, these factors may have further decreased blood circulation, promoted the occurrence of renal injury, and/or increased the severity of renal injury.
Clinical studies have reported that long-term hypertension, diabetes, hyperuricemia, renal arteriosclerosis, ischemic heart disease, and smoking can cause CKD [18] [19] [20] [21] [22] [23] . In the present patient, multiple chronic diseases and a long-term smoking habit led to the occurrence of CKD. In addition to CKD, the patient also had acute kidney injury. The present case study demonstrated that the combined use of edaravone, diuretics, and NSAIDs should be avoided in elderly patients with CKD and other potential chronic diseases.
To the best of our knowledge, no previous studies have shown that the combined use of edaravone, diuretics, and NSAIDs leads to acute kidney injury in elderly CKD patients. Although we cannot accurately define the degree of impact that each of these drugs had on the renal injury, we at least proved the existence of renal injury due to the combined use of these drugs.
The Naranjo Adverse Drug Reaction Probability Scale is a practical tool for clinical evaluation. It evaluates clinically the correlation between drugs and clinical adverse events or, we could say, whether these adverse events are the result of the adverse reaction to this drug. It was shown that the adverse drug reaction probability scale has consensual, content, and concurrent validity. This systematic method offers a sensitive way to monitor adverse drug reactions [13] . Examination revealed that the patient received a score of nine on the Naranjo Adverse Drug Reaction Probability Scale [13] , which indicated that the application of these drugs had a ''definite'' causal relationship with the acute kidney injury. However, the Drug Interaction Probability Scale is another tool that clinically evaluates whether there is interaction between drugs. The patient had a score of five on the Drug Interaction Probability Scale [14] , which indicated that these drugs had a ''probable'' interaction. The Drug Interaction Probability Scale can serve as a guide in the preparation of articles describing case reports of drug interactions as well as in the evaluation of published case reports [14] . At present, these two scales have been widely used in case reports involving clinical adverse drug reactions [24] [25] [26] [27] [28] and post-marketing assessments of adverse drug reactions and related effects [29] .
It should be noted that ten blood electrolyte tests within 10 days after the accident all showed normal results. Three days after the accident, urine flow cytometry indicated positive urine protein. Four days after the accident, the level of serum b2-microglobulin significantly increased (6, 718 .60 lg/l; reference range, 1,473-2,454 lg/l). Moreover, 3 consecutive days after the accident, the level of serum cystatin significantly increased (Table 2 ), but it fell back to the level before the accident in the 3rd week after this accident. Due to the limitations of technology and conditions at our hospital, we did not measure the levels of urine, and serum urinary alanine aminopeptidase and Nacetyl-b-D-glucosaminidase (NAG). We were also unable to measure the level of urine b2-microglobulin and cystatin. Since the accident occurred during the 2011 Chinese New Year, we did not measure the urine protein and urine sodium levels because of personnel and equipment deployment problems. By observing the clearance rate of blood urine nitrogen (BUN), serum creatinine and creatinine as well as changes in the level of serum cystatin after the accident, we believed that early discovery, immediate drug discontinuance, and symptomatic treatment would have been able to reverse the acute renal injury caused by the combined use of edaravone, diuretics, and NSAIDs.
What we must remember after analyzing the cause of acute renal injury in this case is that factors including age, BMI, and conversion of the creatinine clearance rate should also be taken into consideration to further assess renal function apart from the levels of serum beta 2-microglobulin and cystatin if the patient's blood urea nitrogen and creatinine levels are normal. If permitted, serum levels of urinary alanine aminopeptidase and NAG, as well as the levels of beta 2-microglobulin and cystatin in urine, should also be examined. If the patient suffers from renal hypofunction or has a CKD history, no edaravone should be administered, not to mention combined therapy with dehydrating diuretics and NSAIDs, particularly in the case of an elderly patient.
Interestingly, a brain CT scan on the 5th day after symptom onset revealed an emerging infarct in the right subcortical region, which appeared as spots and flakes (i.e., the cerebral infarction area in the patient was not large at that time). Here, we retrospectively analyzed the decreased consciousness level of the patient when fever was present and before the use of diuretics and NSAIDs (this decrease may have been related to reduced cerebral perfusion at the early stage of cerebral infarction). A decreased level of consciousness in the course of cerebral infarction should be analyzed and handled carefully because it cannot be treated in the same manner as cerebral edema and intracranial hypertension.
